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Effects of Virus Infection and Polyacrylic Acid on Leaf Proteins
(Accepted I2 March I975) SUMMARY Disc electrophoresis of the soluble proteins in leaf extracts failed to reveal any change induced by infection with raspberry ringspot virus either in inoculated or in systemically infected symptom-bearing or recovered leaves of Nicotiana benthamiana. Evidence is given that three of the four proteins previously thought to occur only in virus-infected or polyacrylic acid-injected Nicotiana tabacum leaves are probably normal constituents. Environmental conditions were critical for the change in protein pattern induced by alfalfa mosaic virus in tobacco leaves. Gianinazzi, Martin & Vall6e (I97O) , van Loon & van Kammen (I97o) and Kassanis, Gianinazzi & White (I974) have reported that infection of tobacco with various viruses led to the appearance of four new bands of protein in disc electrophoresis of leaf extracts. Kassanis et al. (I974) also found that the appearance of these bands coincided with the development of resistance of such plants to superinfection with tobacco mosaic virus (TMV) Furthermore, Gianinazzi & Kassanis (I974) reported that injection of healthy tobacco leaves with polyacrylic acid (PA) not only stimulated the production of three of these four bands of protein but also induced resistance to infection with TMV.
The first leaves of several Nicotiana species to become systemically infected with nepoviruses typically develop severe symptoms, whereas leaves produced subsequently are almost symptomless but nevertheless contain the viruses. These symptomless leaves do not develop additional symptoms when challenge inoculated with the same virus, although symptoms are produced when they are inoculated with another virus. The mechanisms of the production of symptomless infected leaves (recovery) and of their resistance to superinfection (acquired resistance) are not established.
The work described in this paper was started to see whether the recovery and associated acquired resistance of Nicotiana benthamiana plants infected with raspberry ringspot virus (RRV), a nepovirus, could be related to changes in the pattern of soluble leaf proteins resembling those described by Gianinazzi & Kassanis (I974) and Kassanis et al. (i974) . During the work, however, some of the experiments of these authors were repeated and found to give somewhat different results from those published.
Soluble protein was extracted from leaves at 4 °C as described by Gianinazzi & Kassanis 0974) using o.I M-tris-HC1 buffer, pH 8-0, containing 0"5 M-sucrose and 0"3 % (v/v) 2-mercaptoethanol. Disc electrophoresis (Davis, 1964) was at 4 °C in a Shandon Southern analytical polyacrylamide gel electrophoresis apparatus. Gel tubes were glass, 65 mm long, 4"5 mm internal diam. Samples (50 or Ioo #l) of protein extract were layered directly on a spacer gel polymerized above a IO % polyacrylamide main gel. Electrophoresis was at 2 mA per tube for 15 rain and subsequently at 4 mA per tu be for 45 min: 50/zl samples gave the same results as Ioo/zl samples. Nicotiana benthamiana, (c) tobacco ? days after injection with water, (d) tobacco 7 days after injection with polyacrylic acid. Gels (a) and (b) were from one experiment, and (c) and (d) were from another. Electrophoresis was at 2 mA per tube for 15 rain and then at 4 mA per tube for 45 min. Protein bands labelled o to 5 are those mentioned in the text; ph is the plant phenol band.
Solutions of P A (Versicol E, mol. wt 3500, a gift from Allied Colloids, Bradford) were prepared and injected as described by Gianinazzi & Kassanis (1974) . Nicotiana tabacum cv. Xanthi-nc (tobacco), N. benthamiana and N. clevelandii plants, 9 weeks old, were raised in the summer and early autumn in a glasshouse at I7 to 25 °C. They were used untrimmed, a n d selected for uniformity in each experiment; 3 to 4 leaves per tobacco plant were injected, and 5 to 6 leaves of the other species. Control plants were injected with distilled water. After injection or virus inoculation, plants were kept in the glasshouse, or in growth cabinets at I8 °C and illuminated at 5ooo lux for 14 h per day.
As a preliminary to experiments with R R V , soluble plant proteins were extracted from control non-inoculated leaves o f tobacco, Nicotiana benthamiana, N. clevelandii and N. debneyi, and electrophoresed. All gave the pattern shown in Fig. I a, b , as also did a series of samples containing a tobacco extract mixed with an equal a m o u n t of extract from each in turn of the other Nicotiana species. Extracts from tobacco leaves from different positions on 8-to i2-week-old plants showed the same protein pattern. This pattern is perhaps characteristic of the genus Nicotiana. Phaseolus vulgaris cv. The Prince and Chenopodium quinoa gave bands of different mobility containing different relative amounts of material. Bands labelled i to 3 in Fig. I a, b seem to correspond to bands labelled b I to b3 by Gianinazzi & Kassanis 0974) in gels containing extracts of TMV-infected and of PA-injected tobacco leaves. The differences in R~ are probably caused by small differences in the conditions of electrophoresis. Although these bands were not found by Gianinazzi & Kassanis 0974) in their water-injected control tobacco leaves, experiments reported here indicate that they neverthless represent normal constituents of tobacco leaves grown in the glasshouse at Dundee. Band O was produced by all Nicotiana extracts and also by those of Gianinazzi & Kassanis 0974).
To illustrate these bands clearly, relatively long exposure times were used for photographing the gels. The gels in Fig. I therefore appear overloaded and no bands can be discerned in their upper parts. However, on visual inspection the gels resembled those of Gianinazzi & Kassanis 0974) and Kassanis et al. (~974) , and were in fact not overloaded.
To see whether additional bands were induced by potato virus Y (a mild strain) or alfalfa mosaic virus (strain I5/64), as reported by Kassanis et al. 0974) , tobacco plants were inoculated with each virus. Extracts of inoculated and systemically infected leaves of plants with potato virus Y, which were kept either in the glasshouse or in growth cabinets, gave patterns essentially similar to that in Fig. I (a) . No new bands were produced. Infection with alfalfa mosaic virus did not affect the protein pattern given by plants kept in the glasshouse but those in growth cabinets gave patterns very like that in Fig. I (d) . This effect was observed 7 days after inoculation with both the inoculated and systemically infected leaves of vigorously growing plants but not until a few days later with slower growing plants.
The effect of PA injection on the protein pattern in tobacco leaves was re-examined. PA at 50 #g/ml caused only a slight broadening of band 2, but at 5o0/tg/ml band 2 was greatly intensified and broadened, and a new band 5 appeared; band I decreased slightly but consistently in intensity (Fig. I c, d ). Whether the intensification of band 2 is caused by an increase in amount of a protein that occurs in control plants, or by production of a new protein of similar mobility to that of band ~, is unclear but decreasing the sample size failed to resolve band 2 from PA-treated leaves into two components. The PA-induced changes occurred between 3 and 7 days after injection and were confined to the injected leaves. Extracts of Nicotiana benthamiana and N. clevelandii leaves injected with PA, in contrast to those of tobacco, gave unaltered protein patterns.
Nicotiana benthamiana plants were inoculated with isolate S of RRV (Harrison, ~958) . Inoculated leaves developed chlorotic/necrotic ringspot lesions after 5 days, severe systemic symptoms after 8 days and recovered leaves after I5 days. The plants were kept either in the glasshouse or in the growth cabinets. Extracts from inoculated leaves sampled 8 to io days after infection, from systemic symptom-bearing leaves sampled after 8 to 2o days and from recovered leaves sampled after I7 to 25 days all gave the same protein paterns as uninfected leaves. Thus there was no evidence of any characteristic difference between uninfected and recovered leaves.
This work therefore failed to cast any new light on the phenomenon of recovery but it provided evidence that three of the four proteins previously thought to occur only in virusinfected or PA-injected leaves may be normal constituents of tobacco leaves. It also showed that alteration, induced by virus infection, of the pattern of leaf proteins can depend on the environmental conditions in which the plants are kept. Differences in environmental conditions possibly also explain the greater concentration of PA needed to alter the pattern of leaf proteins in my experiments than in those of Gianinazzi & Kassanis (I974) .
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